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A REPORT OH THE PROPOSED ELECTRIPICATIOH OP THE MAT- 
TOOH SHOPS OP THE ILLIHOIS CEHTRAL RAI2R0AD.
The general outline to he followed in the presenta­
tion of th is thesis is  as fo llow s:
I .  Introduction.
I I .  Shop s .
a. Description, 
h. Drawings.
I I I .  Tests.
a. Purpose.
b. Running of Tests.
c. Calculation of Results.
d. Results and Tables.
IV. E lec tr ica l and Mechanical Equipment.
a. General considerations.
b. Grouping of Machines and Determination
o f s ize of motors.
1. Machine Shop.
2. Wood Shop.
3. Car Slop.
c. Determination o f Size of Generator and
engine.
V. Cost Estimate.
VI. Conclusions.
2A REPORT ON THE PROPOSED ELECTRIFICATION OF THE MATTOON 
SHOPS OF THE ILLINOIS CENTRAL RAILROAD.
I .  INTRODUCTION.
In making a report upon the proposed e le c tr if ic a t io n  
of the Mattoon shops o f the I l l in o is  Central Railroad, i t  was 
deemed advisable to run a shop test f i r s t  and find out the pres­
ent conditions. With th is  in view, University of I l l in o is  Test 
Car No. 17, was taken to Mattoon and set near the shops, so as 
to have a l l  necessary apparatus at hand fo r  a satis factory  test. 
Through the courtesy of the Motive Power Department of the I.C . 
R .R ., arrangements were made fo r  running the tes t.
Assistance was rendered in th is by:
Mr. J . H. Wynne, Mechanical Engineer, I .  C. R. R.
Mr. U. V. Powell, Master Mechanic of Mattoon Shops.
Mr. R. W. Burnett, Machine Shop Foreman, Mattoon Shops.
The Test was carried on by the fo llow ing:
Mr. J. M. Snodgrass, Instructor in Railway Engineering.
Mr. L. F. Bacon, the w riter.
Mr. H. K. Hook, Senior student at University of I l l in o is .
In computations, assistance in working up data of 
b o ile r  t r ia l ,  and checking resu lts, the w riter was assisted by 
Mr. H. B. Dirks of the University of I l l in o is  Experiment Sta­
tion  S ta ff.
The power required to drive machine tools was gathered 
from a number o f tes ts , and those taken which seemed to f i t  the 
case in hand. No dynamometer was used on individual machines
3during the te s t to find  the power required to drive them. Data 
fo r  the power required to run machine tools was taken from the 
fo llow ing:
1. Power Required to Drive Machine Tools. Baldwin Loc.
Works. American Machinist, Feb. 6, 1896.
2. Power Required to Operate Machine Tools. Westing-
house E lectric  and M’ f 'g .  Co.
3. Report of Test. Grand Rapids Shops o f the P.M.R.R.
By Arnold E lectric  Power Station Co.
4. Power Required to Drive Metal Working Machinery at
II.S. Navy Yard, Washington D. E. American Machinist
Oct. 8, 196.
5. Test o f Machine Tools in Union P a c ific  Shops at
Omaha.
6. Power Required to Drive Machine Tools. B.R.& P.R.R.
Shops, Du Bois, Pa. Railroad Gazette, Feb. 1 3 ,‘ 03.
7. Power Required to Drive Wood Working Machinery,
P. R. R., Mt Vernon Shops, 1902.
8. Power Required to Drive Wood Working Machinery,
P. & E. Shops, Urbana, I l l in o is .  University o f
I l l in o is  Test.
9. Arnold B u lletin  No. 8, Union P a c ific  Shops.
In making out an estimate of the cost o f the proposed 
changes, the prices fo r  the apparatus required were la rge ly  ob­
tained through the Mechanical Engineering Department of the Uni­
v e rs ity  o f I l l in o is  and such other sources as were ava ilab le and 
furnished the most re lia b le  information as to present p rices .
4I I .  SHOPS.
a. DESCRIPTION OP SHOPS.
The Mattoon shops take care of the repair work o f the 
Peoria d iv is ion  of the ±. C. R. R. and consequently large shops 
are not needed, although present conditions point to a large 
increase in business on that particu lar branch and consequently 
an enlargement of the shops.
Power is  furnished by a 16" x 30" 130 H.P. Engine 
bu ilt by N. Burr & Co., of Peoria I l l in o is .  The power is  d is ­
tributed by means o f shafting and be lts .
A Rand D r il l  Co., 12" x 12" x 16" A ir Compressor fu r­
nishes compressed a ir fo r  use in pneumatic too ls , a ir hoists and 
in roundhouse work. Since the test three a ir  pumps have been 
in sta lled , two pumping into a small drum and the th ird one from 
the small drum to the large rece iver.
Steam is  furnished by two Horizontal Return Tubular 
Boilers o f 150 H.P. each.
A Chochrane feed water heated u t i l iz e s  the exhaust 
steam from the engine, a ir  compressor, and b o ile r  room pumps.
A 7 l/2" x 4 l/2" x 6" Duplex pump feeds the b o ile rs . A 10" x 
6" x 10" Duplex pump keeps pressure in the water mains fo r  pro­
tection  from f ir e s  and washing out b o ile rs . 7 Cook Steam pumps 
pump from deep wells into an elevated tank.
The machine shop, wood shop, car shop, and o ff ic e s  are 
steam heated; the return from heating system is  run into a w ell 
and used fo r  washing out bo ilers  etc’ . Either exhaust or l iv e
5.
steam can be used for heating, hut l iv e  steam is used most of 
the t ime.
A 40 in. Sturtevant Exhauster in the wood shop is  f i t t e d  
up to take the shavings from the machines and d e liv e r  to the 
b o ile r  room, but is  not used much at present as i t  is  d i f f ic u l t  
fo r the engine to handle the exhauster in addition to the ord i­
nary shop load.
A Ho. 5 Sturtevant Blower in the machine shop furnishes 
a ir  fo r  forges in the forge shop.
Two clutches, one in the machine shop and the other 
in the wood shop permit of independent operation from the jack- 
shaft to which the engine is  belted. The No. 5 blower mentioned 
above is  belted to jackshaft so as to permit of its  operation 
independent o f other shops.
Drawings Nos. 1, 2, 3, 4, 5, and 6, fo llow ing th is, 
show plan of the d iffe ren t shops, the location of a l l  machines, 
shafting etc. Tables Nos. 6 and 7 gives the machines corres­
ponding to the numbers on the drawings.
/V
j * - 7 o  PELQRlA To H W W S  V/L-LE.
□
□
□
□
DEEPWELL. 
P U M P  HOUSES
□
□ □
P LA N
OF
MATTOON SHOPS 
/.C H P.
OHAVVIhJO ** f
O'
VVORK &
&
N
C
.H
T o o l . R o o m  or
/e-6
_ ±
6
□
IS
17
It
IQ
//
IS
13
- f < & S S  TuR  T/W AN  T  
B / - & W E . R
Cvsi
l'
5
s
T»
S
PLAN
O F
MACHINE SHOP
DR/\wii>I<=> ** 2 -4
/V
A
P LA N
O F
FORGE SHOP
DRAWING
OO
9C
o
a
l
 
s
/-
v
e
l
d
CAR SHOP
DHAWINCr
11
WOOD SHOP
DRAWING ** &
12.
III.TESTS.
a. THE PURPOSES OP THE TEST WERE:
1st. To determine the e ffic ien cy  of the bo ilers  
under normal working conditions, andgeneral economy of the 
shops.
A ''
2nd. To obtain data as to power required to drive 
the machines now in use, in order to determine the ad v isab ility  
op putting in new engine and to properly estimate the necessary 
e le c tr ic a l equipment in case an e le c tr ic  drive be deemed ad­
v isab le.
The tes t was run 24 consecutive hours, beginning at 
7 A. M. Jan. 2 and ending at 7 A.M. Jan. 3. In order to get 
the steam consumption of the engine as w ell as to determine 
approximately where the steam was goind to and in what quanti­
t ie s ,  the 24 hour test was divided into four separate tests. 
Results were figured fo r  each test separately and also for the 
24 hour run. Tables Nos. 4 and 5 show the resu lts of the bo iler 
t r ia ls .
The follow ing is the manner in which the 24 hour 
test was divided.
Test No. 1. 
Test No. 2.
Test No. 3.
7:00 A.M. to 4:40 P.M. Jan 2. 
4:40 P.M. to 10:00 P.M. Jan. 2. 
5:30 A.M. to 7:00 A.M. Jan. 3. 
10:00 P.M. to 2:00 A.M. Jan 3.
Test No. 4 2:00 A.M. to 5:30 A.M. Jan 3
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Conditions under which each test was run:
Test No. 1. Ordinary day running conditions.
Engine running shops.
Air Compressor running.
A ll Deep Well Pumps running.
Steam Heat on.
B o iler room pumps.
Test No. 2. Ordinary Night load.
Deep well Pumps.
Steam Heat.
B o iler Hoorn Pumps.
Test No. 3. Deep Well Pump Load.
Deep Well Pumps.
B o iler Room Pumps.
Test No. 4. Heating Load.
Steam Heat on.
B o iler Room Pumps.
By d ivid ing up the 24 hour tes t in th is way, i t  made 
i t  possible to get the fu e l and water consumption under a l l  
conditions that the shops ord inarily  operate day and night, 
b. RUNNING OP TEST:
The necessary indicator rigg ing  was put on the engine 
so that indicator diagrams could be taken. The Engine cylinder 
had to be tapped for indicators. A pantagraph was used as a 
reducing motion as engine ran about 80 revolutions per minute.
The feed water heater and bo ile r feed pumps were d is ­
connected so that the water could be weighed. Prom the heater
14
the water was pumped by a small duplex pump into an elevated 
tank on scales, from vhich, a fte r  being weighed, i t  was run 
into a storage tank. The b o ile r  feed pump pumped from th is 
storage tank to the b o ile rs .
The coal and ash were weighed upon platform scales.
A sample was taken from each wheel barrow o f coal weighed. The 
samples were quartered until two quart ja rs  were l e f t .  Samples 
o f ash were also taken. The coal and ash analysis was made by 
P ro f. Parr o f the Chemistry department.
Samples of gas were taken from time to time and an­
alysed. A calorimeter was placed in the steam pipe leading to 
the engine and several readings were taken.
Plue temperature and d ra ft was taken every half-hour.
The alternate method was used in the starting and 
stojjping of te s t. The B o ile r t r ia l  was nan as per A. S. M. E. 
Standard Code.
Observations were taken every half-hour throughout 
the 24 hour run. Indicator cards were taken at the same time, 
and machines running in each shop was noted at time the card 
was taken. Table No. 1 shows machines running when cards were 
taken and I.H .P. required.
During the noon hour cards were taken fo r  special 
conditions as shown in Table No. 2.
Table No. 3 shows the power required to run shafting, 
blowers, etc.
C. CALCULATION OP RESULTS OP TEST.
Results o f B oiler t r ia l  were figured and are shown in
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Tables No. 4 and 5 both fo r  the en tire  24 hour runs and fo r  
each tes t separately. A ll calculations were ca re fu lly  made and 
the results checked.
The indicator cards taken were worked up and the 
average I.H .P. determined. This was found to be 48.7 I.H .P . fo r  
the day run or Test No. 1.
Table No. 3 gives the I.H .P. required to drive the 
d iffe ren t groups o f machines, exhauster, etc .
In figu rin g  the steam consumption of the engine i t  
was assumed that engine and compressor used some amount of steam 
per I.H .P . hour.
Kent’ s handbook gives the I.H .P. of a 12" x 12" 
x 16" Rand P r i l l  Go. Compressor as 52 when running at 120 revo­
lutions per minute. Taking 35 I.H .P. as an average during the 
day on account of the speed being much less than 120 R.P.M. at 
times, the average I.H .P . of engine and compressor is 83.7.
Prom Test No. 1. Water used per hour. 87871b.
Prom Test No. 2. Engine and Compressor not
running, other conditions
same as Test No. 1. 5272 l b.
Steam used per hr by engine and compressor. 3515 lb .
Steam used per hr. I.H .P. - 3515 - 42 lb .
“  83. f  “
which is  the steam consumption of engine and of compressor 
since they were assumed as using the same. This is  of neces­
s ity  only approximate but indicates that the present engine, 
although old is  running with re la t iv e ly  good economy.
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UNIVERSITY OF ILLINOIS,
MECHANICAL ENGINEERING LABORATORY.
RESULTS OF BOILER TRIAL
lets number
Made bv
/L U N O /8  C E N T R A L - R .R .  & H O P S , M A T  TOON, IL.L..
Kind of boiler (Commercial name).
To determine
i Tincipal conditions governing trial
Or o /n a r y  R u n n i n g
Kind of fuel 
Kind of furnace 
State of the weather
Method of starting and stopping the test 
Number of boiler (Plant number).
Type of boiler H O R I Z O N T A L .  " T u & U L - A R  
Date o f tr ia l K J A N .  2  c m c f  3 j  / Q O G
Duration  o f  tr ia l h n s .
DIMENSIONS AND PROPORTIONS.
Grate su rf ace, square feet, ££a c . h  3  3  , S 4
. 1 Width o f grate, feet,
i.2 Length o f  grate, feet,
Height of furnace, inches,
Approximate width of air spaces in grate, inches,
Proportion of air space to whole grate surface, per cent,,
1 Area of chimney, square feet,
,2 Height of chimney above grate, feet,
.1.3 Length of flue connecting to chimney, feet,
1.4 Kind of draft,
Water heating surface, square feet, EL/sc.l-1 / 2 - &  2 B S ~ G
.1 Outside diameter of shell, inches,
.2 Length of shell (outside to outside of heads), feet,
.3 Number of tubes,
14 Diameter of tubes (outside— inside), inches,
7.5 Length of tubes, feet,
8. Superheating surface, square feet
Ratio of water heating surface to grate surface, — to 1.
Ratio of minimum draft area to grate surface, 1 to — .
AVERAGE PRESSURES.
!. Steam pressure try gauge, lbs. per square inch,
2. Force o f  draft between damper and boiler, inches o f  water,
!. Force of draft in furnace, inches of water,
14. Force of draft or blast in ashpit, inches of water,
AVERAGE TEMPERATURES.
15. Of external air, degrees,
16. Of fireroom, degrees,
7. Of steam, degrees,
18. Of feed water entering heater, degrees,
19. Of feed water entering economizer, degrees,
20. O f feed water entering boiler, degrees,
21. O f escaping gases fro m  boiler, degrees,
22. Of escaping gases from economizer, degrees,
FUEL.
23. Size and condition
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Te s t  No. I T e s t  N o.2 Te s t  N o 3 Te s t  N o A  
3.6> 7 G .9 4  f , o o  3.S o
G 7 .08  
s .  r v s  
S .708
78. 3 G 
.4 G 3
47.5
G7.&
/ 8/. 2
S~G> <t?
<32. 3 G  
.4 o g
4 4 . 8
7 9 .2
/GO.4 
4 3 /
8 3 .8
3G /
4 S ~ .  O
3 0 .3
J 3 3 . S
3 9 4
7G. 3G 
.3 7 /
48T. 8
a o . 4
/3 Z .9
4 4 2 .
TEST NUMBER
24. Weight of wood used in lighting fire, lbs.,
35. Weight o f coal as fired, lbs.,
26. Percentage o f  moisture in  coal, per cent.,
27. Total weight o f  dry coal consumed, lbs.,
28. Total ash and refuse, lbs.,
29. Quality of ash and refuse,
30. Total combustible consumed, lbs.,
31. Percentage o f  ash and refuse in  dry coal, per cent., /
PROXIMATE ANALYSIS OF COAL, a s  F i f e d
32. Fixed carbon, -4 7 .. -4 ~f
33. Volatile matter, 3 S'. 9 7
34. Moisture, S’. 4 3 %  B y  A m  D/tr/r»&. / o. o o
35. Ash, / /. S < b
36. Sulphur, separately determined,
ULTIMATE ANALYSIS OF DRY COAL.
37. Carbon (C ),
38. Hydrogen (H ),
39. Oxygen (0 ),
40. Nitrogen (N ),
41. Sulphur (S),
42. Ash,
43. Moisture in sample of coal as received,
ANALYSIS OF ASH AND REFUSE.
44. Gftybon, pe rm it .  F !  XS.D  CA B B O  F l o ,
45. ]0ni4>r r „m ltr ., — t . V O A A T I L .  =
FUEL PER HOUR.
46. D ry  coal consumed per hour, lbs.,
47. Combustible consumed per hour, lbs.,
48. D ry  coal per square foo t o f  grate surface per hour, lbs.,
49. Combustible per square foot of water-heating surface per hour, lbs.,
CALORIFIC VALUE OF FUEL.
50. Calorific value by oxygen calorimeter, per lb. o f  dry coal, B . T. U.
51. Calorific value by oxygen calorimeter per lb. o f  combustible, B . T. U.
52. Calorific value by analysis, per lb. of dry coal, B.T.U.
53. Calorific value by analysis, per lb. of combustible, B.T.U.
QUALITY OF STEAM.
54. Percentage o f  moisture in  steam, per cent.,
55. Num ber o f  degrees o f  superheating, degrees,
56. Quality of steam (dry steam =  unity).
WATER.
57. Total weight o f  water fed  to boiler, lbs.,
58. Equivalent water fed to boiler from and at 212 degrees, lbs.,
59. Water actually evaporated, corrected fo r  quality o f  steam, lbs.,
60. Factor of evaporation,
61. Equivalent water evaporated into dry steam from and at 212 degrees,
(Item  59 X Item 60), lbs.
WATER PER HOUR.
62. Mater evaporated per hour, corrected fo r  quality o f  steam, lbs.,
63. Equivalent evaporation per hour fro m  and at 212 degrees, lbs.,
64. Equivalent evaporation per hour fro m  and at 212 degrees per square foo t of
water-heating surface, lbs.,
HORSE-POWER.
65. Horse-power developed. (34| lbs. o f  water evaporated per hour into dry steam
fro m  and at 212 degrees, equals one horse-power), H .P . ,
T E S T  /Vo. , Te s t  N o . 2. T e s t /Vo.3  Te s t N o. 4 TEST NUMBER.
142-47 - 6 0 7 4
J 0 . 0  / 0 . 0
/ 2 8 / 5  S 4 G GZo&9 882
217 0
/ 0 . 0  
/9 S 3  
3/S '
Z 782. 
I  0 . 0  
Z S 0 4  
4 o 4
/ 0 7  4  9 4 S Q 4 2/oo
Per
Cent o f  
Coal.
4,9/
100.00
4. OO
100.00 100.00
Per
Cent o f  Cent o f  
CombusVe Coal.
100.00 100.00
Per P..
Cent o f  Cent o f  
Combust'e Coal.
100.00 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
s t o r e  -  o .  / A -
A s h  = 7 /.SS  %
/ 3 2 G  
/ 9. 7G
7 9 9
/  / . 9 2
4-83 
7 .2 6
7/S~
/ O.GG
/7-GOS-
/ 4 Z S G
/ 1 9 9 9  B . T . U .  F ’e .p t L .&  A i r  D a y  C o  A t -  ■
67.
70.
71
72.
73.
83.
87.
G. 03  G G .0 0 G S'. 777 4 .2 0 0
G.3G / G .4 -/0 G. 363 4 . G 4  /
7. O G 3 7.122 7 .0 9 3 s'. 1 3 - 7
&.4Z& 9.494 - 9. 0 0 & G . /4 3
S’ 7. 0 9 S 7 .S 4 - G / .o / 4 / . G 4
S4 -. /S ' S 4 -.E G 3 -4 .34 - 3 9 .3 -/
/ .
c —■ 
9 0 .3 3
8 S 9G 3 3 G 4 8  / /2 S 3 7 // 7 0 7
1 .
2.
9 IG G Z 3 9 3 9 2 / 4 0 / 4 / 3 0 G 4
Q 49G G 3G O SQ / 2 392 - / A5V / 3.
/ . 06>(t?3 /. 0798 1.1/78 L / /S 9
S O S 9 9 33 9 3 S / 3  asr2 / 2 9 /2 - 4.
8 7 0 7 S Z  72. 3 0 9 8 3 3 o G 5.
9 3 G 9 S 'G 92 - 3 4  G 3 3 G 9 9
6.
3 .2  9 0 / . 9 9 3 / . 2 / Z / .  2 9 2-
Z 7 / . 6 /  GS~. O /O O . 4 / O / b . 9
Builders ' rated horse-power, H .P . ,  E a c m  /S~0
Percentage o f  builders’ rated horse-power developed, per cent.,
ECONOMIC RESULTS.
Water apparently evaporated under actual conditions p e r .pound o f coalas 
fired. {Item  57 -*- Item  25), lbs.,
Equivalent evaporation fro m  and at 212 degrees per pound o f coal as fired.
{Item  61 -t- Item  25), lbs.,
Equivalent evaporation fro m  and at 212 degrees per pound o f  dry coal. {Item  
61 h- I te m 27), lbs.,
Equivalent evaporation fro m  and at 212 degrees per pound o f combustible, j 
{Item  61 -i- Item  30), lbs.,
( I f  the equivalent evaporation, Items 69, 70 and 71, is not corrected for 
the quality of steam, the fact should be stated.)
EFFICIENCY.
Effidncy o f the boiler; heat absorbed by the boiler per lb. o f  combustible 
divided by the heat value o f  one lb. o f combustible, percent.,
Efficiency o f  boiler, including the grate; heat absorbed by the boiler, per lb. o f 
dry coal, divided by the heat value o f  one lb. o f  dry coal,'per cent.,
COST OF EVAPORATION.
Cost o f  coal per ton ofXOHOlbs. delivered in  boiler room, $ 1 , 1 3
Cost of fuel for evaporating 1,000 lbs. of water under observed conditions, $
Cost o f  fu e l used fo r  evaporating 1,000 lbs. o f  water fro m  and at 212 degrees, $
SMOKE OBSERVATIONS.
Percentage of smoke as observed, per cent.,
Weight of soot per hour obtained from smoke meter, ounces,
Volume of soot per hour obtained from smoke meter, cub. in.
METHODS OF FIRING.
Kind of firing (spreading, alternate, or coking).
Average thickness of fire.
Average intervals between firing for each furnace during time when fires 
are in normal condition.
Average interval between times of leveling or breaking up.
ANALYSIS OF THE DRY GASES.
Carbon dioxide (CO2), per cent.,
Oxygen (O), per cent.,
Carbon monoxide (CO), per cent.,
Hydrogen and hydrocarbons, per cent.,
88. Nitrogen (by difference) (N ), per cent.,
HEAT BALANCE, OR DISTRIBUTION OF THE HEATING 
VALUE OF THE COMBUSTIBLE.
Total Heat Value of 1 lb. of Combustible, B.T.U.
Heat absorbed by the boiler =  evaporation from and at 212 degrees per B -T - u - Per Gent- B- T•u- | Per 0ent- ? ' T - u - Per CenT .  
pound of combustible X 965.7.
2 . G 2 .  
/ 7.7 2. 
. /S'
7 9 .S  /
B.T.U. P ercen t.
Loss due to moisture in coal =  per cent, of moisture referred to com­
bustible 100 X [(212 — t )  +  966 +  0.48 ( T —  212) ]  {t =  tem­
perature of air in the boiler-room, T  =  that of the flue gases)
Loss due to moisture formed by the burning of hydrogen =  per cent, of 
hydrogen to combustible -s- 100 X 9 X [  (212 —  t )  +  966 +  0.48 
( T — 212)].
Loss due to heat carried away in the dry chimney gases =  weight of 
gas per pound of combustible X 0.24 X { T — t).
Loss due to incomplete combustion of carbon =  -
^  per cent. C in combustible ^  jq jgQ
CO 2
Loss due to unconsumed hydrogen and hydrocarbons, to heating the 
moisture in the air, to radiation, and unaccounted for. (Some of 
these losses may be separately itemized if data are obtained from 
which they may be calculated.)
Totals.
X o/ A&L.EL ** 5
b -04—1000R
UNIVERSITY OF ILLINOIS,
MECHANICAL ENGINEERING LABORATORY.
RESULTS OF BOILER TRIAL
lets number 
Made bv
/  i - L .  I  fS / O / S  G  C E N T R A L . .  5 H O R - S  ^  / W ^ T T O O / V y / l .  l _
Kind of boiler (Commercial name).
T< i determine
1’rincipal conditions governing trial
O R  o //w c \ f i t  / ?  c zr>//s//r>/e*
Kind of fuel 
Kind of furnace 
State of the weather
Method of starting and stopping the test 
Number of boiler (Plant number).
Type of boiler F - f O R / x o N  t a l .  7 ~ u g u l . A R  
Date o f tria l < J a n , 2  o n d  3  / 9  0 6
Duration o f  tr ia l 2 -  4  /~7r 3~,
DIMENSIONS AND PROPORTIONS.
Grate surface, square feet, S / \ c e ~ f  3 3 * S '+ -
3.1 Width o f grate, feet,
3.2 Length o f grate, feet,
1. Height of furnace, inches,
5. Approximate width of air spaces in grate, inches,
Proportion of air space to whole grate surface, per cent,,
3 1  Area of chimney, square feet,
2 Height of chimney above grate, feet,
.3 Length of flue connecting to chimney, feet,
6.4 Kind of draft,
Water heating surface, square feet, £ E A C t-/  / 4 - 2 . &
1 Outside diameter of shell, inches,
.2 Length of shell (outside to outside of heads), feet,
7.3 Number of tubes,
7.4 Diameter of tubes (outside—inside), inches,
7.5 Length of tubes, feet,
3. Superheating surface, square feet
Ratio of water heating surface to grate surface, — to 1. 
Ratio of minimum draft area to grate surface, 1 to — .
AVERAGE PRESSURES.
Steam pressure by gauge, lbs. per square inch,
Force o f draft between damper and boiler, inches o f  water,
T’>. Force of draft in furnace, inches of water,
1. Force of draft or blast in ashpit, inches of water,
AVERAGE TEMPERATURES.
15. Of external air, degrees,
16. Of fireroom, degrees,
17. Of steam, degrees,
18. Of feed water entering heater, degrees,
19. Of feed water entering economizer, degrees,
20. O f feed water entering boiler, degrees,
21. O f escaping gases fro m  boiler, degrees,
22. Of escaping gases from economizer, degrees,
FUEL.
23. Size and condition
4  7 . 0 3  
£ ~ t  6 75" 
S. 7 08
2636? 
7 2  
/ 9  
72.
+
/  9 '
6  0 . 0 3
. 4 / 6
4 - 6 . / 9
7 5 . 0 6
/  7 0 ,3 6  494.6
TEST NUMBER TEST NUMBER.
24.
35.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60. 
61.
62.
63.
64.
65.
Weight of wood used in lighting fire, lbs.,
Weight o f  coal as fired, lbs., 2  S ’ 2 . 6 9
Percentage o f  moisture in coal, per cent., /  0 . 0
Total weight o f  dry coal consumed, lbs., 2 . 2 . 7  4  /
Total ash and refuse, lbs., 3 6  7 CP
Quality of ash and refuse,
Total combustible consumed, lbs., / 9 0 7 /
Percentage o f  ash and refuse in dry coal, per cent., /  6 .  /  4 ~
PROXIMATE ANALYSIS OF COAL. >ts R iR F O  
Fixed carbon, 4 2 .  4 7
Volatile matter, 3 S '.  9 7
Moisture, S  4 S %  B y  A m  D r y i n g  /  O . O  O
Af*, / / .S6
Sulphur, separately determined,
ULTIMATE ANALYSIS OF DRY COAL.
A t *o R Y
Cent ot 
Coal.
Per
Cent o f  
Coal.
Ptr
Cent o f  
Coal.
P er
Cent o f  
Combust'le44T4.
3 9 .o $ -
/ Z ; 2 3
100.00 100.00 100.00 100.00 100.00 100.00
4 -0  o
Carbon (C ),
Hydrogen (H ),
Oxygen (0 ),
Nitrogen (N ),
Sulphur (S),
Ash,
Moisture in sample of coal as received,
100.00 100.00 100.00 100.00 100.00 100.00
ANALYSIS OF ASH AND REFUSE.
Cuibun, pu umt. Car&o/v - 2 6 . 4 Ofc M oisture - O.'A-yo
Earthy-matter, per rent. Vou/K-ni_£  MATTER = /  9 /  %  ASH' =  7 /.SS°/o 
FUEL PER HOUR.
Dry coal consumed per hour, lbs.,
Combustible consumed per hour, lbs.,
D ry  coal per square foo t o f  grate surface per hour, lbs.,
Combustible per square foot of water-heating surface per hour, lbs., 
CALORIFIC VALUE OF FUEL.
Calorific value by oxygen calorimeter, per lb. o f  dry coal, B . T. U.
Calorific value by oxygen calorimeter per lb. o f combustible, B . T. U.
Calorific value by analysis, per lb. of dry coal, B.T.U.
Calorific value by analysis, per lb. of combustible, B.T.U.
QUALITY OF STEAM.
Percentage o f  moisture in steam, per cent.,
Number o f  degrees o f superheating, degrees,
Quality of steam (dry steam =  unity).
WATER.
Total weight o f water fed  to boiler, lbs.,
Equivalent water fed to boiler from and at 212 degrees, lbs.,
Water actually evaporated, corrected fo r  quality o f  steam, lbs.,
Factor of evaporation,
Equivalent water evaporated into dry steam from and at 212 degrees, 
(Item  59 X Item 60), lbs.
WATER PER HOUR.
11 ater evaporated per hour, corrected fo r  quality o f steam, lbs.,
Equivalent evaporation per hour fro m  and at 212 degrees, lbs.,
Equivalent evaporation per hour, fro m  and at 212 degrees per square foo t of 
water-heating surface, lbs.,
HORSE-POWER.
Horse-power developed. (34J lbs. o f water evaporated per hour into dry steam 
from  and at 212 degrees, equals one horse-power), H .P.,
9 4 7 . 5
Z 4 . / 2
/  7 . 6  o S ~14 256
/  /  9  9 9  3 - T .  o .  F>r .r  L -0 . A i r  D r y  C o a i -
/ . / 6 5
9 & . G 4 -
/ 4 6 6 6 B
J 5 G  3  2 . 0  
/ 4 4 9 B 6  
1 . 0 7 9 3  
/ S 6 4 - B 3
6 0 4 /6520
2 . 2  9
/ 90. 9
66. Builders ' rated horse-power, H .P . ,
67. Percentage o f  builders' rated horse-power developed, per cent.,
ECONOMIC RESULTS.
68. Water apparently evaporated under actual conditions per pound o f coal as
fired. { Item  67 -4- Item  26), lbs., 5 •  3 0 5
69. Equivalent evaporation fro m  and at 212 degrees per pound o f  coal as fired.
{Item  61 -§- Item  25 ), lbs., 6 .  / 9 3
70. Equivalent evaporation fro m  and at 212 degrees per pound o f dry coal. {Item
61 -4- Item  27), lbs., 6. 9 S /
71. Equivalent evaporation fro m  and at 212 degrees per pound o f combustible.
{Item  61 -4- Item  30), lbs., g  2 0 3
( I f  the equivalent evaporation, Items 69, 70 and 71, is not corrected for 
the quality of steam, the fact should be stated.)
EFFICIENCY.
72. Efficincy o f  the boiler; heat absorbed by the boiler per lb. o f  combustible
divided by the heat value o f  one lb. o f  combustible, percent., 5 5 . 5 9
73. Efficiency o f boiler, including the grate; heat absorbed by the boiler, per lb. o f  '
dry coal, divided by the heat value o f  one lb. o f dry coal,'per cent., 5 2 . 7  2
COST OF EVAPORATION.
74. Cost o f  coal per ton o f% **4  lbs. delivered in  boiler room, $ M 3
75. Cost of fuel for evaporating 1,000 lbs. of water under observed conditions, $ . 0 9 7 3
76. Cost o f fu e l used fo r  evaporating 1,000 lbs. o f  water fro m  and at 212 degrees, ■; . 0 9 1 2 .
SMOKE OBSERVATIONS.
77. Percentage of smoke as observed, per cent.,
78. Weight of soot per hour obtained from smoke meter, ounces,
79. Volume of soot per hour obtained from smoke meter, cub. in.
METHODS OF FIRING.
80. Kind of firing (spreading, alternate, or coking).
81. Average thickness of fire.
82. Average intervals between firing for each furnace during time when fires
are in normal condition.
83. Ayerage interval between times of leveling or breaking up.
ANALYSIS OF THE DRY GASES.
84. Carbon dioxide (CO2), per cent.,
85. Oxygen (O), per cent.,
86. Carbon monoxide (CO), per cent.,
87. Hydrogen and hydrocarbons, per cent.,
88. Nitrogen (by difference) (N ), per cent.,
HEAT BALANCE, OR DISTRIBUTION OF THE HEATING 
VALUE OF THE COMBUSTIBLE.
Total Heat Value of 1 lb. of Combustible, B.T.U.
2.
3.
4.
5.
6.
Heat absorbed by the boiler =  evaporation from and at 212 degrees per 
pound of combustible X 965.7.
Loss due to moisture in coal =  per cent, of moisture referred to com­
bustible -4- 100 X [(212 — t ) +  966 +  0.48 { T — 212) ]  {t =  tem­
perature of air in the boiler-room, T  =  that of the flue gases)
Loss due to moisture formed by the burning of hydrogen =  per cent, of 
hydrogen to combustible -4- 100 X 9 X [ (212 — t ) +  966 +  0.48 
{ T —  212) ].
Loss due to heat carried away in the dry chimney gases =  weight of 
gas per pound of combustible X 0.24 X { T —  t).
Loss due to incomplete combustion of carbon =  -----22____
COg +  co
X cent. C in combustible ^  jq jgQ
Loss due to unconsumed hydrogen and hydrocarbons, to heating the 
moisture in the air, to radiation, and unaccounted for. (Some of 
these losses may be separately itemized if data are obtained from 
which they may be calculated.)
Totals.
B.T.U. Per Gent. B.T.U. Per Cent. B.T.U. PerCent. B.T.U. PerCent.
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IV. ELECTRICAL EQUIPMENT, 
a. GENERAL CONSIDERATIONS:
In shops o f th is s ize , they being comparatively 
small, i t  would hot seem advisable to make changes which would 
require a large expenditure. I t  would seem best therefore to 
adapt motors to the arrangement already existing rather than 
to endeavor to rearrange either the shops or machines within 
the shops. Therefore fo r  the most part leave the shafting and 
machines as they are at present. I t  is  d i f f ic u lt  in small 
shops to s a t is fa c to r ily  take care of a l l  machines with motors 
and not have the to ta l motor equipment appear unduely large. 
This has been the case in the grouping which fo llow s but i t  
w i l l  doubtless be o f service in the fo llow ing manner: v is .
The motor and power house equipment as herein recommended w i l l  
admit o f considerable additions being made in the way o f new 
machines.
I t  seems l ik e ly  that such additions w il l  soon be a 
necessity. A portion, therefore, of the motor and power equip­
ment and the corresponding money investment may be considered 
as availab le fo r  future development.
SYSTEM RECOMMENDED: As between the alternating cur­
rent system and the d irec t current system, either one would do 
at present time since a l l  the motors would be driving groups 
or constant load machines and could run at constant speed. 
D irect current would be preferable, since i t  would permit the 
in s ta lla tion  o f ind iv idual;motor driven machines with variab le
22
speed motors. As there is  ligh tin g  to he done the most fea s ib le  
voltage to he employed is  220, as th is can he u tiliz ed  fo r  "both 
power and ligh t serv ice .
h. GROUPING OP MACHINES AND DETERMINATION OP SIZE OP MOTORS 
POR GROUPS:
1. MACHINE SHOP. In the machine shop a l l  the machines 
are run at present from one shaft. Since the shafting and coun­
tershafts are already up, the best method would he to cut the 
shaft in two parts so as to have the machines divided into twow 
groups as shown in Table No. 6 and put a 15 H.P. motor on each 
group. This is  using a load fa c to r of about 50,^  which is  allow­
able in railroad shops.This s ize o f motors allow of more machines 
being added and s t i l l  be able to handle the load. The forge 
shop blower which is  now in the machine shop can be run by a
10 H.P. motor, and i t  is  recommended that the blower be removed 
to the forge shop so as to reduce the loss due to carrying the 
air through a long pipe as is  done at present.
2. WOOD SHOP. Three groups are arranged fo r  as shown 
in Table No. 7. This u t il iz e s  the shafting as now in and per­
mits of additional mac?tiinesjbeihg put on each group i f  necessary.
A load factor o f about 50/f is  used in figu ring the s ize of mo­
tors. I t  would be best to put individual motor on large planer. 
I f  desired additional machines could be run from th is motor when 
necessary. Prom results o f test a 20 H.P. motor can run the
40 inch Sturtevant exhauster. A saving in power can undoubted­
ly  be made by putting a 3.5 H.P. motor on flu e  ra t t le r  instead
23.
o f running i t  as at present "by long belts  and gearing. The 
size motors selected fo r  this shop allow o f additional machines 
being put in and at the same time handle the load.
3. CAR SHOP. Since there is  but two lin e  shafts in 
the car shop, a motor on each shaft o f sizes shown in Table 
N o .7 can handle the load eas ily . The s ize of motors selected 
w il l  allow o f more machines being added.
An e le c t r ic a lly  operated turntable would doubtless 
be found to be a great convenience. The number of engines 
turned at th is point, however, hardly warrants the expense in­
cident to such an equipment. I f ,  however, i t  was desired to 
in s ta ll a motor on the tunrtable, a 7 l/2 H.P. would be of 
su ffic ien t s ize .
The to ta l motor equipment recommended then is  as
fo llow s:
Shop. No. o f 
Motors.
Size of 
Motors.
Total H.P
Machine shop. 2 15 H.P. 30
Porge shop. 1 10 10
Wood shop. 1 10
1 30
1 15
1 3.5
1 25
1 20 103.5
Car shop. 1 3.5
1 7.5 11
Total Motor H.P. 154.5
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This may seem large,as mentioned,above fo r  shops o f 
th is s ize, but i t  seems ju s t if ie d  as business on th is branch of 
the road shows that the shops w il l  soon have to be enlarged 
to handle the work.
In determining the to ta l expected power that would 
be demanded from the power plant under ordinary conditions of 
operation, the too ls  wrere divided into 1st those running under 
constant load, 2nd. Variable load too ls .
The constant load machines as blower, exhauster and 
flu e  r a t t le r  were figured at 100$ of th e ir  fu l l  powers, with a 
20$ allowance fo r  transmission losses. The Group driven or 
variable load machines were estimated to require at th e ir motor 
about 50$ of the power that would be required to run a l l  the 
tools of the group at fu l l  load, th is figu re  including a l l  
losses in transmission both e le c tr ic a l and mechanical. The 
power that w ill  be demanded fo r  ligh tin g  and machine to o l d riv ­
ing in the shops is  given in the table below:
CONSTANT LOAD.
A. Load Factor 100$. Trans E ff.  80$.
Forge Shop Blower. 10 H.P. 9.35 K.W.
Wood Shop Exhauster. 20 H.P. 18.70 K.W.
Flue R a ttle r 3.5 H.P 3.25 K.W 
31.30 K.W,
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B. For Machine Tool Driving. Variable Loads.
(Estimated Load Factor. 50^, Indludes Elec, and Mech Losses)
Machine shop. 
Wood shop.
Car shop.
51.7 H.P. 
12S.3 H.P. 
14.2 H.P.
19.3 K.W.
52. K.W.
5.5 K.W. 
TT.¥ K.W.
C. Turntable.
D. For E lec tr ic  ligh tin g .
Arcs.
2.5 K.W.
50/f Load Factor and Trans. E ff.  
Incand’ s.
75 1.8 K.W.
8
600 Watts fo r  Arc’ s.
50 Watts fo r  Incand’ s.
T o ta l.
2.4 K.W. 
11478 K.W.
From above the to ta l expected power that would be 
demanded would be about 115 K.W. By in s ta llin g  a generator o f 
125 K.W. d irect connected to an engine of 175 H.P. the load 
could be eas ily  carried and at the same time be able to handle 
such new machines as might be put in fo r  several years.
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V. COST ESTIMATE.
As was stated in the introduction, the prices fo r  
the apparatus required were la rge ly  obtained through the Mech- 
anical Engineering Department. The fo llow ing is  the estimated 
cost o f the proposed changes.
ESTIMATE^  OE COST OE CHANGES AS RECOMMENDED ABOVE.
1 125 K.W. D.C . 220 Volt Generator.
1 175 H.P. Compound Eng. Eoundation,
Piping.
Erection
3 15 H.P. 220 vo lts  Motors. Starting box included
2 10 H.P. 220 vo lts  Motors. If If If
1 30 H.P. 220 vo lts  Motors. If II If
1 25 H.P. 220 vo lts  Motors. If ft ff
1 20 H.P. 220 vo lts  Motors. If If If
2 7.5 H.P. 220 vo lts  Motors. If fl ff
2 3.5 H.P. 2201 vo lts  Motors. If n ff
Wiring Motors. - $18.50 Each.
Switch Board.
Light w iring.
Motor Supports.
To ta l.
|2500.00
2450.00 
. 900.00
500.00
600.00
500.00
400.00
450.00
300.00
203.00
250.00
1 0 0 . 0 0
100.00
f9253.M
T a b l e  M o . ©
Grouping of machine: shop tools. Mattoon Shops I. C.
Mo. m a c h i n e : M A K E R
POWER REQUIRED 
FROM Ml SC. TESTS G rou  p
INIO,
5fz.E- of 
Group Motor 
M. P.HACHINE- H% P.
\ 3<b'x36"xt2’ Pl a NELR G .A ,6A R Y t- Co . 3Gx3fc”x 1 2L* 4..F
3 2.4.")(Z4x<»' P l a n e r Pu t n a m  Ma c h in e Works ZV’x2.4’%C> 4.o
2 tS” S u o T T E R Ga o e ,w a r n E-R H- Co, 18” 5T.8
13 i s ” S h a p e r Sil k - Sm it h  Mach-ToolCo 1 <E>” . 9 . f IS
19 ZO'’ToRR6LT Bra^^Lathe A m . M a c h  Toou. C o a o ” 4hO
r
IS 22” l a t h e Pu-rrsi/^f i^ M a c h . W k s , i z "
4- 42“VE.R.5oHt 1 1— 1— NILES Tool. W r s 4 ^ «b “ 2.8
n 22" UA-THE_ Pu t n a m  M a c h  W vcs. a a." • £>
16 CtHTCRiNG Machine .\
13 4o" l a t h e Pu”TIM/\t^ 1 MACH. W k s . a.o
S 2€>" S h a p e r Cin c in n a t i  S h a PERCo . Z 9 ” 1.2.
I'V Dr i l l  G r in d e r U9
8 Zo" d r i l l  P r e s s W.M.M/AWE.S X C.o . 21” 1.0
9 <3 r i n d s t o n e 1.0 2. IS-
<b 4 2 "D r il l  P r e s s W. F .VO .BAR NESVC o . 2.1
7 30” L a t h e . S c h u m a c h e r  & B oye 2 8" 2.ST
12178 Driving Whee.l Lathe w m . S e l l e r s  &Co . 80 >^. 1
1 1 2-” Do u b le  B olt Mach ACME. M a c H, C o , a.o
S h a f t i n g 7.<& From  TE.ST
20 B l o w ELF=\ 6.F. STURTEVANT =* 5" 7.8 From P 4  &.TE.ST
LV
T a b l e  N o . 7
Gr o uping  of wood shop and  car shop tools, mattoon shops i.c.flr.
No.
WOOD SHOP 
MACHINES M A K E R
POWER REQUIRED 
FOR MACHINE AND 
WORK. FROM 
OTHER TE-5T5,H.f:
O tsl
SHArT 
N  o.
(bROUP 
N  o.
5ixe. op
M O T O  R
M . R.
2. Do u b l e . B o l t  m a c h in e . Acme Mach. Co, 2 © I
a N u t  t a p p e r
36" d r i l l  P r e s s A. .H . K e r k h o f f  Co. z .o
14 2'EMERY WHEEL 2.o
IS 6RINDSTONE . I 1 o
I <b T e o n i n 6 m a c h i n e . Fat Sc Co. 3. a
18 12." © a i m e r 8.5
2o Sm a l l  Em e r y  w me-e-l.
I I I-4-" W ood  L a t h e . I.o
2.o"xi3" Planer. F A Y  K  C O 30.0 3o
io Combination J ointer. 4 .8
12 3 o "  R i p  S a w I 9.3 - 2 15-
13 Ba n d  Sa w 3.3
21 F l u e . R a t t l ER Z. 8
22"Cu t  o f f  Sa w 7. O
Borin&M ill  4 B its (3reenu.ee  Bros. iZ.fe
Mortisino Machine I 1.9 > 3 Z5
8 " P l a n e r  No.g> F a y  " K C o , <6. Z
3o” Planer no.to J. A .Wood  Ma c h . Co , €>■ 2
19 4-0" Ex h a u t ER B.p. S t u r t e v a ,n t 1 8 . 4 2 o F rom t e s t
C a R  5 v-> o  F>
2
VtR, B oR. mh\i_y_ 43" 2.9
H v o r a u l i c  w h e e l  P r e s s I. o 3.S
3_
5_
<b
2Z axle, lathe.
Pu n c h  Yx S h e a r  
F l u e  Cu t t e r  
Fl u e  W e l d e r
Z.S 
2.5 
2 .5
7.5"
9"
Z
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VI. CONCLUSIONS.
The cost o f such changes as have teen proposed are 
necessarily high fo r  shops of th is s ize . The cost could he 
reduced ty  helting  generator to present engine, omitting some 
motors and crowding more. This would seem inadvisable since 
the engine in at the present time is  unable to handle load sa tis ­
fa c to r i ly  at times. I t  would be more satis factory  to put in 
a good system, one capable of being developed to advantage or 
else wait un til increased importance of shops is thought to 
warrant such an in sta lla tion .
There are several conditions which would have weight 
in determining the ad v isab ility  o f the expenditure as herein 
estimated.
1. Increased effectiveness o f shops in getting out 
work quickly and economically.
2. Ease with which shops can be developed.
3. Present outlook o f increased importance o f these
shop s .
4. The general trend of ra ilroad shops to e le c tr ica l 
equipment and the sa tis factory  operation under such equipment.
